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-In our experiments we have investicated the effects of low-level laser
exposure on spatial vision measured in animal subjects. In monkeys
trained to report minimal visual resolution as w-l I as contrast
thresholds for varying size targets (contrast sensitivity) we found
that small spot (50 micron) exposure can siqnificantly alter these
measures of spatial vision. Such effects have both medical and
tactical implications. Because such levels of exmosure may produce
prolonged change in spatial visu3l function even at levels below the
maximum permissible exposure (MPE) level, the military medical
community is faced with a dilemma that repeated exposure could result
in considerable tissue destruction in non-reieneratinq neural retinal
tissue long before any significant change in visual function is
measurable. Long-term measurements of animal spatial vision has
revealed subtle but siqnificant evidence of visual function loss that
is associated with low-level laser exposure to the fovea. Such
effects may cause sufficient alterations to spatial vision to produce
momentarv distractions in complex military performance, such as target
trackinq. These potential hazards to human vision and visual
performance have motivated development of human visual protective
materials to counter low-level, multi-spectral laser exposure, as well
as the development of new troop traininq strataies that should
provide countermeasures throuqh improved training scenarios. ,! r '
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1L.0 I1DFQ

fn recent years, the potential combat threat from directed
enerqy sources has caused increasing concern. Laser range finders
laser designators, and potential laser weapons all pose unique
hazards to the human eye. Iecause of the highly collimated nature of
laser light, the earliest medical concerns regardinq such sources
involved the possible production of very small lesions in the
retina. Because military visual tasks require an intact central
fovea (the retinal area responsible for fine spatial resolution and
color vision) and because laser lesions might destroy these visual
functions, damage to the central fovea has received considerable
attention. Furthermore, since these laser devices have ultrashort
pulse characteristics combined with a broad range of output
wavelengths in the visible and near-infrared spectrum, they pose a
unique hazard to the human visual system. laser light characteristics,
such as narrow spectral bandwidth and beam coherence, represent
aspects of laser sources that have received limited attention,
al though they may be potentiatinq factors in low-level retinal damage
processes.

We will review the sianificant research in the area of acute
laser exposure, limitations of this data base, and the implications
such data have for military performance and medical diagnosis of laser
combat ocular injury.

2.0 ANIMAL IMrTIGTI .

Tn order to evaluate alteration in visual function from acute
laser exposure, extensive use has been made of animal behavioral
techniques. Such investigations have made a significant
contribution to our present knowledge of visual deficits induced by
acut- laser exposure. They form a bridge between observations obtained
from human accident cases and the exact dosimetry and manipulation
avail-able under laboratory conditions. Furthermore, such
inv-stiqat ions have stupport-od dovolopment of an increasing
und(Frstandinq of r,-tirvl damaio mechanisms associ-ttel with I ight
exposure.

N summary of non-human primate acute fovea] exposure
effects on spatial vision is presented in Table 1. These
investigations involve the gross effects on visual acuity from large
fove;il lesions as well as more subtle effects from lower level
exposure conditions. FAch investigation has been ranked with regard
to its effect usina a human retinal injury evaluation criteria
develoned by Wolfe (1).

"he earl iest animal investiiations utilized sinle pulse Q-
switched lasr sources in anesthesized animals to irradiate the fovea
accurately (2-6). Visual acuity, the ability of the visual system to



2-Zwlck et al

*1-

I II

4J4

G) U)I >-

I 44

0 C
*j 4J

I 4-

cn

4-41 44-

L40

.



Zwick et al -3

4

W4 04-41

L

$4-

IC U 0)
>~TAS

-- I* BY--

gwa a# o

0k

IT; tIC



4-Zwick et al

1 14
11 >

I I
CLII

u~$4

-1 I

C ) E , 
CI ,

U)S- r1 I * c C
0 )I I U



IMM-~~~~ MIRy.~ -VW-X -k-IvW

7Zwick et al -5

0 -
4

00

2

-4-.-4 (V8

oU0) r N -

'-4 't44

-4 0
> 4j

0

0 )

0)4V)

141- 13 -

1-4 o C

-4 U4 (Nto)
tt s, ~

4 N

le 4- -4) $4 S

Er 4a.) (N- -g . L )4

- -,1-

'r-

0 , tt4- 0) 0
C~ g * U) U) 4-)

E
(1) 4

(1). .14 z

11O 11-M

4J >

EI-

kg: VA %.7



6- Zwick et al

resolve minimil size targets, generally reauired several months for
stabilization of the effects of acute light exposure on spatial
visual function. In some studies, measurement of chromatic visual
function, spectral sensitivity for foveal and parafoveal retinal
areas, was emploved (2,7). These investigations demonstrated that
the effects of foveal damage measured with spectral backgrounds showed
longer-lastinq effects relative to that measured with acuity taroets
having white-light backgrounds. These findings suggest that mechanisms
involving color as well as spatial vision need to be assessed in the
measurement of potential laser retinal injury.

The cross mechanisms of such injury may involve initial
peripheral edema and swelling of retinal photoreceptors in the first
two to three weeks after exposure (8). Such disturbances appear
to have a generalized effect, altering both photopic and scotpic
visual function (2). With time, retinal phaiocvtic processes remove
debris and may allow adjacent photoreceptors to fill the area of
the fovea that once contained damacled foveal receptors (8). In
this manner, the ability to resolve fine detail may be preserved,
although foveal chromatic sensitivity may he permanently altered.

A major limitation of these early investigations involved the use
of anesthetized animals, because testing after exposure in such
animals must be postponed at least 24 to 48 hr to allow for
stabilization of behavior after anesthesia. Techniques to allow more
immediate assessment of visual function loss beginning within the
first 10 to 30 seconds after exposure were developed by studies with
awake animals and exposures made under task-oriented conditions
(7,9,10). Using such technicues for shuttered visible laser sources,
single pulse l00-msec duration exposures produced transient changes
in visual acuity well below levels that could produce cross iniury to
the retina. Comparable effects were found for spot sizes from 50 to
350 microns. Such effects could easily last from 2 to 20 min and
longer as the transition zone from a temporary to a permanent effect
was achieved. Such transition zones varied with spot size. Fbr large
spots, 350 microns in diameter, single ]00-msec pulses of either Argon
(514.5nm or Krypton 647.Inm) could produce permanent losses in acuity
at levels approximately i times below the threshold level for retinal
burn. For small spots. 50 microns in diameter, sinqle 100 msec
exposures produced a transition zone much closer to the threshold
retinal burn level (9,10).

More recent investigations (1i) have utilized repetitively pulsed

frequency doubled neodymium laser sources. As in previous experiments,
small-spot foveal exposures were made by making the beam c<oaxial with
the gap in the i landolt ring acuity target subtending about I min of
arc. Foveal 1esions produced in this manner were observed centered '
on the fovea. Tmm"]iiate effects within the first 30 to 60 secNns .
of exposure were obtained. At enerr"y levels rapable of producing
small foveal punctate lesions, recovery times rof 115 to 20 minute were

W % %.
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measurable. Paradoxically permanent changes were delaved in these
studies. Even though initial exposures destroyed the integrity of
the fovea, the visual acuitv measurements were not permanently
depressed. Only after multiple exposures was evidence of permanent
change obtained. Furthermore, such change could only be measured when
contrast sensitivity was used, because this visual task allows the
measurement of visual sensitivity for both small and large acuity

targets (12).

3.0 ACME HMN EXPOSE= -

The data base for human acute laser exposure is much more limited
than that available with animal subjects. The nature of visual
function assessment is almost exclusively limited to high contrast
clinical acuity and rarely have such measurements been made at the
time or shortly after the time of exposure (1,13). While such data %
may lack the quantitative sensitivity of animal studies, occasionally
they provide insights into such effects that have been unobtainable
with the more quantitative data base. Tn one such accident (14),
involving suprathreshold hemorrhagic exposure to a Q-switched Ruby
laser range finder, the accident victim was exposed peripheral to the
macular so that visual acuity for high contrast target clinical
measurement returned rather rapidly after exposure. Ibwever, because
the injury caused secondary mechanical traction effects within the
retina, a "wrinklinq" or "puckering" of the macula was produced,
resulting in a secondary delayed loss in visual acuity, which only
became apparent 6 to 12 months after exposure.

The necessity to obtain more quantitative human data has led to
the development of various simulation techniques (15). In such
experiments, where contrast sensitivity has been measured, artificial
scotomas optically stabilized on the retina have been produced that
depend on field size (16). For large fields, losses in contrast
sensitivity are restricted to small targets; for small fields such
losses are relatively independent of target size. Such results are
(v)nsstent with mmfj-iat changes in contrast sensitivity observed i n
anim;fl expiriments (1 1,12), wh,,re smal 1-fietl sizs were used. Such
effects on contrast sensitivity also have been verified in human
patients with foveal macular holes (17). These natural scotomas
produce only small. taroet losses in contrast sensitivity for large
field measurements but generalized loss in contrast sensitivity for
small field loss.

4.0 LOW-LEVEL LIGHT MECHANISMS OF DAMAGE AND VISUAL FUNCION
AL 1 TION

.Numerous investiaations (19-24) suaest that 7ow-level light
exposure can alter retinal morphology and visual function.
Photocoaaulation of retina] tissue need not be produced for light
especially in the short and near ultraviolet regions to produce

*. %
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retinal damage to tissue and permanent change in visual function. Such
light effects in the retina require no more than a 1 degree change in
retinal temperature and in many cases much less than this amount. Such
studies have demonstrated that low-level liqht exposure at levels
well below that required for retinal photocoaqulation can cause
changes in retinal morphology, receptor cell structure, and visual
function. Explanations of such phenomena are presently divided
into two conceptual camps. One suggests a photochemical damage
mechanism that is selective to one class of photoreceptors (19,21)
while the other suggests a photochemical damage mechanism that is
effective across photoreceptor systems (20,22).

Several such investigations (23-25) have also suggested the
greater effectiveness of coherent light as compared to incoherent or
time averaged laser light in inducing low-level effects from repeated
light exposure. Such effects have been nostulated to produce
their effect through over stimulation of the neural layers of
the retina. Recent experiments in our laboratorv demonstrate that
continuous low-level visible laser exposure for small spot laser
exposure conditions, as low as a thousand times below the MPE, can
produce significant suppression of visual acuity or constrast
sensitivity for both larqe and small targets. Physiological
investigations utilizing minimal spot continuous foveal exposure
support retinal mechanism involvement in such effects (26).

5.0 VISUAL MUM"TON VEO M .

In this paper, we have described the effects of acute and low-
level laser exposure on visual function. But alteration in visual
function is not the single determining factor in a complex perceptual
motor task such as visual trackinq. Alteration in a complex visual
performance may depend upon motivational, motor, memory or training,
and other sensory input from the visual system itself. We have
schematized the relationships between laser exposure and visual
function and performance loos in Figure 1. It is apparent that ocular
or visual function loss simply involves the effect of light on the
visual system whereas visual performance decrement involves a complex
change in factors in addition to visual sensory input. Obviously
performance loss will occur for those tasks having high dependence on
visual input, such as visual tracking (27,28) with less effect on
tasks that have more modest visual function requirements (29).

6.0 IMPLICM1 (H;

The possibilitv that subthroshold burn levels may pro.ituce
permanent loss or chanqp in visual function or oven visual
performance -it levels much lower than the, MPE has significant .
implications for develonmf-nt of laser ocul-r notection systems in the a
military. At present limited attention is liven to protecting huLman

x;12
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VISUAL FUNCTION DECISION TREE

VISION

LASER EXPOSURE
(wavelength,

energy,
retinal spot size,

exposure duration)

I ~IMMEDIATE or DELAYED [

DEFICIT

.-0 psychologic

.4 nonvisual-sensory
VISUAL-MOTOR DEFICIT experience

a novelty

YES NO

PERFORMANCE LOSS OCULAR CASUALTY

(medical)

Fiaure 1: This diaqram, notes the notential effects of laser exposure
on vision and visual performance. Field laser exposure may
result in two distinct types of visual loss. Primary loss
of vision may occur as a direct consequence of retinal
tissue lamage vii thermal or non-thermal photic damaqe
mechanisms. Thni s loss may be immediate or delayed. Such
loss may result in a chanae in visual perception such as a
loss in briqhtnpss, contrast, or color perception. Such
losses in vision may or may not affect one's military job
perforrnance.

4 .- . . . . . - . " . . . ". . . "" " . . - "- .' -: .- 2 . . .- -? ? .' ' .: ,." . . - - . . '. . ;
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eves from exposure levels below the Maximum Permissible Level. Good
reasons exist for such limited concern. Materials development has not
succeeded in formulatina multiwavelength orotection which does not
seriously alter visual function. Requirinq protection to the MPE and

. below is presently a near unobtainable task with conventional filter
technology. Even fast switch technology can not operate both in the
visible and at low-activation levels. An educated awareness that such
effects can occur, the traininq of troops under simulated visual
conditions following laser exposure (30), and development of visual
function test methods and devices for clinical detection of such
effects (12,23) may represent the only lonq ranqe solution to this
problem.
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